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Introduction  
 
 This report describes the results of research performed with funds from the Sture Fredrik 
Anliot Grant Fund granted in March 2016 and the Wright State University College of Science 
and Mathematics.  The title of the grant was “Lytle Creek and Indian Run Sediment and Water 
Pollution Assessment” and its primary aim was to identify and measure pollutants that could be 
causing a lack of biodiversity in Lytle Creek in Wilmington, OH.  The project formed the basis 
of Amira Alsenbel’s Masters in Chemistry thesis research1.   
 
A Brief History of Lytle Creek and Indian Run 
 
 Lytle Creek is a 10-mile-long tributary that runs through the City of Wilmington in the Little 
Miami River drainage basin with a drainage area of 20 square miles in Clinton County, Ohio.  
According to the State of Ohio Water Quality Standards2, it is designated as warm water habitat 
(WWH), agricultural and industrial water supply with primary contact recreation permitted.  
Water in Lytle Creek flows into Todd Fork and into the Little Miami River.    
 
 Indian Run, with a drainage area of five square miles, flows from the south side of the 
Wilmington Air Park and drains into Cowan Creek and ultimately into Todd Fork on its way to 
the Little Miami River.  It has the same use designations as Lytle Creek.  Generally, the City of 
Wilmington takes its water from Caesar Creek, but at times Wilmington takes water from Cowan 
Creek.    
 
                                                
1 Investigating Potential Pollutant Sources Causing Lack of Biodiversity in Lytle Creek and Indian Run, Amira 
Moayad Alsenbel, Department of Chemistry, Wright State University, 2017.   
2 Ohio Administrative Code 3745-1-18 
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 Lytle Creek has a long history of scientific study.  The US Public Health Service and the 
Department of Health Education and Welfare used Lytle Creek as a study site to investigate the 
effects of municipal waste pollution in streams in the 1940s, 50s, and 60s.  Before the application 
of secondary activated sludge treatment, wastewater treatment plants only removed about half of 
the sewage solids.  The effluents were devoid of oxygen and full of bacteria and fungi.3  
Ecological conditions, aquatic populations, and chemical parameters were surveyed all along 
Lytle Creek for years by a number of researchers studying the efficiency of wastewater treatment 
procedures.4,5,6,7 Many of these studies documented the lack of fish and invertebrate diversity in 
the stream and the existence of fungi associated with polluted water.  A 1971 EPA study of the 
Little Miami River and Tributaries showed that Lytle Creek was contributing nutrient-rich 
(nitrogen and phosphorus) water to Todd Fork and contained considerable algae growth.8  So, 
there is a long recorded history of the water quality and types and numbers of biota in Lytle 
Creek, however there are few records for Indian Run.   
 
 The previously cited research fails to mention the existence of the airport, which opened in 
1929 and was used by American Airlines in the 1930s and 40s and then by the Army Air Corps 
in WWII.  The US Air Force took control of the airport until it was decommissioned in 1972.  At 
that time, it became the Wilmington Industrial Air Park and has been used for freight transport 
and other activities since.  It is now known as the Wilmington Air Park.9 It is likely that runoff 
from the airport runway and from airplane deicing activities has been influencing the biota in 
Lytle Creek for more than 85 years.   
 
 In October 2009, Ohio EPA Division of Surface Water published a report entitled 
“Biological and Water Quality Study of the Lower Little Miami River and Selected Tributaries 
2007 Including the Todd Fork subwatershed” (Ohio EPA Technical Report EAS/2009-10-06).10 
This report described various incidents where deicing chemicals were allowed to flow into Lytle 
Creek and Indian Run causing wildlife and fish kills.  The report also describes a mercury spill in 
May 2006 when about a pound of mercury was spilled at the airpark.  The hazmat team cleaned 
up the spill but it is not clear how much mercury was recovered.  Later that month and in 
November 2006, mercury was detected in the outflows to Lytle Creek and Indian Run.  Mercury 
was also detected in sediment samples from December 2006.  Levels were determined to be 
below those dangerous to human health, yet a survey of fish caught in Cowan Lake showed that 
mercury levels increased following the spill into Indian Run.   
                                                
3	  The Little Miami, Stanley Hedeen, 
http://www.littlemiamistatepark.org/images/stories/history/riverecologyhistory.pdf	  
4	  Gaufin, AR, Tarzwell, CM, Environmental changes in a polluted stream during winter, The American Naturalist, 
1955, 54:78-88.	  
5	  Gaufin, AR, Tarzwell, Aquatic invertebrates as indicators of stream pollution, Public Health Reports, 1952, 67:57-
64.	  
6	  Gaufin, AR, Tarzwell, CM, Aquatic macro-invertebrate communities as indicators of organic pollution in Lytle 
Creek, Sewage and Industrial Wastes, 1956, 28:906-924.  	  
7 Cooke, WB, Pollution effects on the fungus population of a stream, Ecology, 1961, 42:1-18.   
8 Runis, CE, Parrish, LP, Resi, LA, Report on the Quality of the Water of the Little Miami River and Tributaries 
Ohio, Environmental Protection Agency, 1971.   
9 http://www.wilmingtonair park.com/about-us/air-park-history, accessed February 11, 2016.   
10 Biological and Water Quality Study of the Lower Little Miami River and Selected Tributaries 2007 Including the 
Todd Fork subwatershed” Ohio EPA Technical Report EAS/2009-10-06.   
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 Jet fuel, diesel fuel, and fire suppressants have been discharged as well.  Many NPDES 
violations, esp. COD (chemical oxygen demand, organic wastes that are not biodegradable) and 
pH, mostly in Feb and March have occurred corresponding to deicing activities.  The 2009 report 
stated that better storm water management at the airport would be necessary to improve water 
quality in Lytle Creek.  Since then, many improvements have been made.   
 
 Lytle Creek sediment samples near the airport showed no heavy metals levels above Ohio 
EPA limits, however eight different polycyclic aromatic hydrocarbons (PAHs) (probably from 
coal tar and asphalt) were found along with plasticizers and wood preservative.  They are all 
known or suspected carcinogens or estrogen emulators.  Sediments downstream of the WWTP 
contained elevated levels of copper, zinc, and lead.  Ammonia and phosphorus were elevated as 
well.  Fortunately at the time, metals, organics, and nutrients in Indian Run sediments were all 
below Ohio EPA limits.10 
 
 The fish community status of Lytle Creek was rated “Poor” in 200910 with only six species 
found and an Index of Biotic Integrity (IBI) of only 26 even though the Qualitative Habitat 
Evaluation Index (QHEI) was rated “Good” at 59.5.  Nutrient enrichment was the cause of low 
IBIs for Lytle Creek and Cowan Creek that was attributed to runoff from the airport.  Central 
stoneroller minnows, which are known to be tolerant to eutrophication and feed on algae, were 
found as the dominant species.  Nonattainment status for E. coli was attributed to urban runoff, 
sanitary sewer overflows, agricultural runoff, failing home sewage treatment systems, and the 
wastewater treatment plant.   
 
 More recently, a Wilmington News Journal article in November 2015 gave an accounting of 
the work of the Clinton County Streamkeepers regular assessments of the quality of Clinton 
County streams.  The Streamkeepers reported that while several other streams in Clinton County 
were rated “Excellent” and “Good”, Lytle Creek was rated “Poor” with “very few living things 
found.”11 
 
National Pollutant Discharge Elimination System (NPDES) Permits for Discharge into Lytle 
Creek  
 
 Lytle Creek headwaters are near the Wilmington Air Park where it receives runoff from one 
of two airport runways, although the runway that drains into Lytle Creek is currently not in use 
for air traffic.  The other runway drains into Indian Run.  The Clinton County Port Authority 
(Permit 1II00031*HD) is required to monitor chemical oxygen demand, total suspended solids, 
flow rate, and dissolved solids in outfalls from runway runoff as long as runway and aircraft 
deicing chemicals are in use.  They are also required to monitor dissolved oxygen and ammonia 
in discharges to Indian Run as well as chemical oxygen demand.  The airpark has two runoff 
treatment facilities, one for runoff entering Lytle Creek and the other for runoff entering Indian 
Run.  When deicing is being performed, runoff is diverted to storage lagoons and then to the 
treatment facilities.  If the lagoons are full, extra flow is routed directly to the creeks with the 
                                                
11 Wilmington News Journal, Report: Most city streams in good condition, November 15, 2015.   
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potential to cause environmental damage.  Often, treatment facilities do not adequately reduce 
the amount of chemicals in the runoff so it has to be recycled back through the system12. 
 
 The City of Wilmington wastewater treatment plant (WWTP, Permit 1PD00013*OD) is 
permitted to discharge to Lytle Creek.  Along with municipal wastewater, there are several 
industrial discharges that are treated at the WWTP.  The plant is required to monitor typical 
parameters for a secondary treatment facility but also must monitor a number of heavy metals, 
cyanide, and three carcinogens: two polycyclic aromatic hydrocarbons (PAHs) and 
pentachlorophenol (wood preservative).  The plant is also required to perform several acute and 
chronic toxicity tests on Ceriodaphnia dubia and Pimephales promelas.  Although the City of 
Wilmington gets most of its water from Caesar Creek, the WWTP discharges over two million 
gallons per day into Lytle Creek.  In summer, the natural flow rate of Lytle Creek is so low that 
most of the water contained in the creek is treated WWTP effluent.  The WWTP continues to 
monitor the quality of its effluent according to its permitted limits.   
 
 The City of Wilmington also has three more permits to discharge to Lytle Creek.  One is for 
the city’s sanitary landfill storm water retention pond (Permit 1II001129*CD).  Another is for 
the overflow of a lime sludge lagoon (Permit 1IW00240*GD).  Both of these flows are 
intermittent.  Finally, the City of Wilmington has a Municipal Storm Water General Permit 
(OEPA MS4) giving it the authority to enforce industrial storm water discharge permits and 
investigate illicit discharges.  Four businesses have industrial storm water permits discharging 
into downtown Wilmington storm drains and the downtown tributary:  
 
Business Address Permit Number Permit Issue Date  
Buckley Brothers Inc 320 E Main Street 1GR0156*AG 8/16/2016 
Master Feed Mill Inc 190 Owens Avenue 1GR01505*AG 8/16/2016 
Champion Bridge Co Inc 261 East Sugartree Street 1GR00584*EG 2/24/2012 
Timbertech Limited 894 Prairie Road 1GR01416*DG 5/3/2013 
 
 It should be noted that Buckley Brothers Inc. and Master Feed Mill Inc. issue dates are 
August 2016, immediately following the May-June 2016 fish kill event.  They were each issued 
a Notice of Violation (NOV) from OEPA in June 2016 for not having adequate industrial storm 
water permits.   
 
Description of Research Project  
 
 The primary aim of the research was to identify and measure pollutants that could be causing 
a lack of biodiversity in Lytle Creek in Wilmington, OH.  Based on the historical evidence, the 
lack of invertebrates and reduced biodiversity in Lytle Creek is likely the result of three possible 
forces: 
 
                                                
12 Biological and Water Quality Study of the Lower Little Miami River and Selected Tributaries 2007 Including the 
Todd Fork subwatershed” Ohio EPA Technical Report EAS/2009-10-06.   
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1) Repeated insult from runoff containing biodegradable chemicals and/or nutrients, which 
causes fluctuations in dissolved oxygen, bacteria, algae, etc. that degrade ecological 
conditions and prevent invertebrates from reestablishing healthy populations.    
2) The toxicity of deicing (or other) chemicals in runoff repeatedly poisoning invertebrates.   
3) Persistent pollutants embedded in the sediment that are toxic to invertebrates.   
 
 This project was, in part, a way to verify that improvements to airport runoff treatment were 
effective in reducing damage to Lytle Creek and Indian Run, especially during winter months.  
Part of the project’s mission was overcome by events (OBE) in May and June of 2016 when 
repeated fish kills were reported in Lytle Creek at Sugar Grove Cemetery and at Xidas Park 
downtown.  The downtown tributary to Lytle Creek flows above ground through downtown 
Wilmington between Buckley Bros Inc. and Master Feed Mill Inc., then underground under the 
Clinton County Courthouse and emerges behind Xidas Park.  This tributary flows along the bike 
path to join Lytle Creek at Sugar Grove Cemetery.  It receives the flow from downtown storm 
drains.  As a result, Xidas Park was added as a sample site and focus shifted to the downtown 
tributary.  Children are often seen playing along this tributary and in Lytle Creek.  The 2009 
OEPA report test sites were Lytle Creek by Townsend Field (our Fife Road site, LCFIF) and 
downstream from the WWTP (our LCWTD).  Previous OEPA reports did not include any 
evaluation of downtown storm water runoff to water quality or to the macroinvertebrate 
community.   
 
 To investigate whether heavy metals embedded in the sediments could be a significant 
contributor to invertebrate toxicity, sediments samples were taken at five sites along Lytle Creek, 
two sites along Indian Run, and at Xidas Park in June 2016.  To verify the elevated 
concentrations measure in the samples at Xidas Park, two more samples were taken there in May 
2017 and at one location from Hebble Creek in downtown Fairborn (for comparison).  Table 1 
gives the locations and descriptions for sediment sample sites.   
 
 At each site, triplicate sediment samples were removed and taken to the laboratory for 
analysis.  The three samples were taken from three different areas of the creek at each site and so 
each represents a separate sample for that site.     
 
 First, samples were delivered to the laboratory of Chad Hammerschmidt, PhD, Professor of 
Earth and Environmental Sciences at Wright State University, for mercury analysis.  Samples 
were lyophilized then analyzed by Cold Vapor Atomic Fluorescence Spectrometry following in-
house standard operating procedures (SOPs).  A portion of each sample was also analyzed for 
other heavy metals by acid digestion following EPA Method 3050B and Inductively-Coupled 
Plasma Atomic Emission Spectrometery (ICP-AES, EPA Method 200.713) in the Instrument 
Center of the Chemistry Department also at Wright State University.  Quality control samples 
were analyzed alongside to insure accuracy.   
 
                                                
13 U.S. Environmental Protection Agency Method 200.7: Determination of metals and trace elements in water and 
wastes by inductively coupled plasma-atomic emission spectrometry, revision 3.3, EPA 600 4-91/010 June 1991. 
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 Water quality parameters were measured at five sites in winter, spring, and summer of 2017.  
All samples were collected according to in-house SOPs.  Table 2 lists the water quality sample 
sites and locations.  The Xidas Park site was added to the list of sample sites.  Water quality 
parameters were measured on site with YSI Multimeter sampling probes that were pre-calibrated 
to measure pH, temperature, ammonia, conductivity, and dissolved oxygen.  These sites are also 
were sediment samples were taken.  “Grab” water samples collected were transported to the 
laboratory at Wright State University for analysis of nutrients (especially nitrite, nitrate, and 
phosphate found in fertilizers and human/animal wastes) using Ion Chromatography and EPA 
Method 300.114.  All samples were injected in duplicate and quality control solution was used to 
ensure accuracy.  E. coli were enumerated using 3M Petri Plates15 according to in-house SOPs.  
Duplicate sample plates were prepared and results were averaged.  Water quality samples were 
collected and analyzed on the following dates:   
 
1) Winter (February 17, 2017) 
2) Spring; normal flow and runoff following rain event (March 28 and May 8 2017) 
3) Summer; low flow conditions (July 13, 2017) 
 
 
Results  
 
May-June 2016 Fish Kills 
 
 The first report of dead fish in the tributary of Lytle Creek was made by as a citizen phone 
report on May 16, 2016 to Ohio EPA.  Harry McVey, WWTP supervisor, was responsible for 
investigating the source with the assistance of OEPA and ODNR.  The source was determined to 
be an illicit discharge to storm drains by American Façade Restoration, LLC, which was 
subcontracted by Perfection Group to power wash the Clinton County Courthouse during the 
renovation.  They were using a mix of tri-sodium phosphate (TSP) detergent and bleach and 
were required to retain the runoff for proper disposal.  They also used SureKleen®  Vana Trol® 
which is very strong acid, although it is not clear is these were used at the same time.  Bleach and 
strong acids are extremely toxic and mixing them can produce deadly chlorine gas.   
 
NaClO (bleach)   +   2 HCl (strong acid)   ! Cl2(gas)   +   H2O   +   NaCl 
 
 TSP contributes to algae growth in steams.  None of these substances should be released into 
the environment untreated.  They had been notified of the proper procedures before beginning 
the process.  After several fish kill incidents, Perfection Group, Inc. received a Field Notice of 
Violation (FNOV) from OEPA Division of Environmental Response, Investigation and 
Enforcement on June 21, 2016.  Observations along the creek bank of rotting organic matter and 
                                                
14 U.S. Environmental Protection Agency Method 300.1, Determination of inorganic anions in drinking water by ion 
chromatography, Revision 1.0, 1997.   
 
15 A Factsheet for Implementing New E. coli Requirements, March 15, 2010, Ohio EPA, 
www.epa.ohio.gov/dsw/rules/3745_1.aspx#07 
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excessive algae growth along with measurements of dissolved oxygen, pH and ammonia 
indicated that there was also rotting organic matter present.   
 
 Figure 1 shows two photos taken at Xidas Park, one showing some of the dead fish and one 
documenting the scum that was visible on the surface of the tributary water as it exited the 
underground tunnel.  During the investigation of the fish kill, it was also determined that two 
downtown businesses did not have proper storm water discharge permits.  This was rectified by 
August 16, 2016 when new storm water permits were issued.   
 
 
Table 1.  Sediment Sample Sites 
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Table 2.  Water “Grab” Sample Sites 
 
 
 
 
 
Figure 1.  Photos taken at Xidas Park during June 2016 fish kill.   
 
 
Heavy Metal Contamination in Sediments  
 
 Measuring heavy metals in sediments is a good way to begin looking for potential pollution 
sources.  Metals are elements and do not biodegrade over time so they can serve as a semi-
permanent record of water pollution.  For example, lead (Pb) from leaded gasoline sold in the 
mid-twentieth century is much higher in sediments near old roadways.  Crumbling old highway 
paint contains Pb and chromium (Cr) and industrial spills leave traces of metals behind.   
 
 Figure 2 shows the average total metals concentrations that were measured at each of the 
sites.  Sites are shown from upstream to downstream for each creek.  Total heavy metal analysis 
shows that the Wilmington sediments are comparable to Fairborn sediments in total heavy metal 
load with Xidas Park having the highest in Wilmington followed by Lytle Creek at Sugar Grove 
Cemetery.  While some of this could be historical pollution from leaded gasoline, etc., it 
indicates repeated events where storm water is depositing hazardous substances into local creek 
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sediments and that much of this originates from the downtown storm drains.  Fairborn had the 
highest chromium concentration, probably due to old deteriorated lead chromate road paints.  
These concentrations are typical for sediments collected along old urban roads.  It is important to 
note that the three samples were taken from three different areas of the creek at each site and so 
each represents a separate sample.   
 
 
 
 
Figure 2.  Total metals (parts-per-million) in sediments from Lytle Creek, the downtown 
tributary (Xidas), Indian Run and Hebble Creek in downtown Fairborn.   
 
 
 Two problematic heavy metals, mercury (Hg) and Pb, are reasons for concern when children 
are exposed by playing in Lytle Creek and the downtown tributary.  Elevated levels of Hg and Pb 
were measured in sediment samples taken from behind Xidas Park and behind Sugar Grove 
Cemetery.   
 
 One of the samples taken at Sugar Grove Cemetery (0.292 mg/kg dry weight) exceeded the 
Threshold Effect Concentration (TEC for Hg is 0.18 mg/kg dry weight) although it was below 
the Probable Effect Concentration (PEC) for mercury in sediments of 1.06 mg/kg dry weight.  
Above the TEC, sensitive species, like invertebrates could be harmed but the PEC is the 
concentration above which harmful effects are likely to be observed.  Mercury concentrations at 
the other sites were 5-10 times lower.  Figure 3 shows Hg results.  The elevated Hg in the Xidas 
Park sediment could not have originated from the Hg spill reported at the airpark in 2006, but 
likely originated in storm water runoff.  Whether the elevated Hg at Sugar Grove Cemetery 
originated from the 2006 spill or from storm water runoff from downtown or both could be 
further investigated using isotope ratio analysis.  One sample taken at Xidas Park contained a 
significant amount of mercury (0.124 mg/kg dw) but was just below the TEC value.    
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Figure 3.  Mercury (Hg) in sediment.  Threshold Effect Concentration (TEC) for sensitive 
species = 0.18 mg/kg dry weight.  Probable Effect Concentration (PEC) for mercury in sediments 
of 1.06 mg/kg dry weight.  Error bars represent the standard deviation in the results for the mean 
of the three samples at each site.   
 
 
 The concentrations of lead (Pb) measured in Sugar Grove Cemetery, Xidas Park, and 
Fairborn sediments fell mostly in between the TEC (35.8 mg/kg dry weight) and the PEC (128 
mg/kg dry weight) and ranged from 24.3 to 56.5 mg/kg dry weight.  As can be seen in Figure 4, 
Pb measured at the other sites ranged from 5.1 to 24.4 mg/kg dry weight.  Much of the Pb 
contamination likely resulted from old spills of leaded gasoline.  Lead is ubiquitous in urban 
sediments due to historical spills of leaded gasoline and crumbled residues of leaded paints.  We 
took a sediment sample from Hebble Creek that flows through downtown Fairborn, Ohio for 
comparison.  The result was 38.4 mg/kg dw, which was above the TEC but below the PEC for 
lead and less but similar to the results obtained for the Wilmington sites.   
 
 Heavy metals can have toxic effects on organisms at extremely low levels.  Benthic 
organisms, such as invertebrates, suffer toxic effects from heavy metals that are contained in 
sediments.  It is important to note that heavy metal toxicity can be additive.  The combination of 
several metals can have synergistic effects on aquatic organisms and other animals, including 
people.   
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Figure 4.  Lead (Pb) in sediments, TEC is 35.8 mg/kg dry weight and PEC is 128 mg/kg dry 
weight.  Error bars represent the standard deviation in the results for the mean of the three 
samples at each site.   
 
Water Quality Parameters   
 
 All of the measurements taken using the YSI Mulitmeter were within normal parameters 
except for some concerning measurements taken from the downtown tributary during the fish kill 
episode.  Table 1 shows water quality measurements taken during the June fish kill June 21, 
2016.  Bleach causes specific conductivity and pH to increase.  Reduced Dissolved O2 at CVS 
manhole indicates that water quality is already compromised before it passed under the 
courthouse.  High ammonia readings indicate rotting organic matter or sewage.  The DO 
measurement of 129% is not unusual because water cascading over rocks can become 
temporarily supersaturated with oxygen.   
 
 
Table 3.  Water Quality Measurements Taken During June 21, fish kill. 
 
  
 
pH 
 
 
Dissolved O2 
Specific 
Conductivity 
(µSi/cm) 
 
Ammonia-
N (mg/L) 
Manhole at CVS 7.6 70% 422  
Xidas Park 7.4 23% 1031 9.15  
Tributary behind hospital  7.70 129% 1549 1.79  
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E. coli Contamination in Water  
 
 E. coli  sources include untreated sewage, leaking septic systems, wild animals, and residents 
who do not pick up after their pets.  The samples were incubated using 3M Petri Plates, which 
contains a dye that turns blue when metabolized by E. coli bacteria.  Figure 5 shows the results 
of the E. coli analysis.  The July 13 sampling was during a significant rain event showing how 
feces can be washed from streets and lawns into local waterways.  The E. coli results were higher 
than those in previous OEPA reports indicating that this type of pollution has increased.  The 
February 17, 2017 elevated E. coli count at Xidas Park (LCTXP) was determined to be due to a 
leaking sewage issue that has since been repaired.   
 
 Escherichia coli at most sites in Lytle Creek and Indian Run were near or above the “Ohio 
EPA Primary Contact Recreation Limit” for Class B waters of 126 colony-forming units (CFU) 
per 100 mL (30-day average) and 362 CFU per 100 mL (7-day limit).  
 
 
Figure 5.  E. coli results from sample sites.   
 
 Storm water runoff into the downtown tributary to Lytle Creek, Lytle Creek, and Indian Run 
contained extremely high levels of E. coli, often many times the Class B Recreation Limits.  A 
significant rainfall, >0.5-inch, can wash feces into the storm drains causing the extreme increases 
seen in this study on the July 2017 sample date.  E. coli levels at Xidas Park, in particular, was 
quite high even when there was no rain.  Personnel at the wastewater treatment plant discovered 
sewage leaks into the downtown tributary and corrected the problem.  Even so, E. coli levels 
have remained high and should be regularly monitored.   
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 E. coli results from this study were even higher than those reported in previous Ohio EPA 
studies indicating that there are ongoing issues that have not been addressed.  The very high E. 
coli counts in the creeks in Wilmington are a real concern for children who could be exposed by 
playing in the creeks, especially after rain.  Although not all strains of E. coli are harmful, 
exposure to such high levels would be unhealthy especially for children and people with 
compromised immune systems.   
 
 
 
 
Figure 6.  E. coli in colony-forming units (CFU) per 100 mL showing blue colonies as blue dots.  
These are samples from Xidas Park.   
 
 
Nitrogen and Phosphorus Contamination in Water 
 
 Nitrogen and phosphorus are plant and algae nutrients found in human and animal wastes as 
well as fertilizers.  Nitrogen can have several forms in water: nitrate, nitrite, ammonia, and 
ammonium.  Each form contains one nitrogen atom so if the concentrations measured are all 
converted to the equivalent nitrogen atom concentration, they can be added together to get a 
better picture of the amount of nitrogen available for eutrophication of a water source.  
Eutrophication is a situation where nitrogen and phosphorus cause algae to grow but when the 
algae dies bacteria in the water will break the dead algae down and use up the oxygen in the 
water.  This created a “dead zone” where benthic organisms and even fish can suffocate.  Piles of 
rotting seed were observed on the banks of the downtown tributary.  It is hard to imaging that 
this was not contributing to a reduction of oxygen in the water as bacteria degraded the wastes in 
the water thus consuming oxygen in the process (eutrophication).  This was affecting the fish 
even before they encountered the toxic blend of chemicals, including bleach, which was being 
used to clean the exterior of the courthouse.  All washed directly into the storm drain.   
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None of the samples contained nitrate or nitrite above EPA Drinking Water Limits of 10 parts-
per-million (ppm) as nitrate/nitrite-N).  None of the samples contained significant amounts of 
phosphorus, many were below the limit of detection.   
 
 
 
 
Figure 7.  Total nitrogen in water at the five test sites.   
 
 
Study Conclusions  
 
 The results of this study show that the lack of invertebrates and reduced biodiversity in Lytle 
Creek can be attributed to all three of the following: 
 
1. Repeated insult from downtown storm water runoff or discharges containing substances 
causing fluctuations in water quality that degrade ecological conditions and prevent 
invertebrates from reestablishing healthy populations.      
2. The toxicity of chemicals in downtown storm water runoff or discharges repeatedly 
poisoning invertebrates.   
3. Persistent pollutants embedded in the sediment are toxic to invertebrates.   
 
 The major contributor to poor water quality in Lytle Creek was storm water runoff from 
downtown Wilmington.  The Air Park was not a major contributor to reduced water quality 
during the study period.  However, it was a warm winter with little use of deicers, etc.  
Based on these findings, the study’s authors are making the following recommendations.   
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Recommendations for Action 
 
 In recent years, municipal wastewater departments have been tasked by the state with 
enforcement of storm water runoff management and enforcement (MS4 program) with little to 
no resources to achieve this enormous and critical task.  A lack of awareness or concern by some 
businesses and citizens about what is going down the storm drains in downtown Wilmington 
creates a hazardous situation for children who play in the downtown tributary in addition to toxic 
effects on benthic organisms.  Based on the results obtained in this study, we are making the 
following recommendations.   
 
1. Make sure all downtown business have proper EPA Stormwater Management Permits and 
that there is oversight and enforcement of permits and regulations.   
 
2. Engage in a public information and education campaign to educate citizens about the dangers 
of improperly dumping hazardous substances into storm drains.   
 
3. Provide citizens easy access to proper methods for household waste disposal.  
 
4. Educate families about the dangers of children playing in stormwater runoff.   
 
5. Continue to monitor the quality of water in Lytle Creek and the downtown tributary to Lytle 
Creek.   
 
6. Consider performing mercury and lead analysis in sediment cores in Lytle Creek and the 
downtown tributary to assess the extent and depth profile of contamination to determine if 
remediation is warranted.   
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